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This application is a continuation-in-part of 
Ser. No. 418,100, filed November 6, 1941, now 
abandoned, for Composite Article and Method 
of Making Saine. 
This invention relates to articles formed from 
plastics, and is more particularly concerned with 
reinforced composite articles including a portion 
or layer of plastic material mechanically locked 
to a strong metal support, and fo the method of 
making such articles. 
If is an object of the invention to provide a 
new article of manufacture comprising a layer 
of a plastic, a dense metal supporting back and 
an intermediate layer of porous metal bonded to 
the metal supporting back by an alloy bond and 
mechanically holding the plastic layer fo the 
supporting back, wherein the supporting back is 
manually flexible. 
Further objects and advantages of the present 
invention will be apparent from the following 
description, reference being had fo the accom- 
panying drawings wherein a preferred embodi- 
ment of the present invention is clearly shown. 
In the drawings: 
Fig. 1 shows a perspective view of a section of 
composite material, and 
Fig. 2 is a sectional view taken on line 2--2 of 
Fig. 1. 
In the past it has been particularly difficult to 
reinforce large fiat surfaces of plastic materials 
such as thermal setting resins or thermal plastics 
etc., due to the fact that the plastic material 
would not adhere to smooth surfaces of metal 
with any degree of tenacity and upon bending, 
or-flexing of the composte sheet, or thermal 
changes, the plastic layer pulls away from the 
meta]. Reinforced articles of this type are par- 
ticular]y desirab]e. For examp]e, seal rings for 
automobile water pumps and the like are often 
fabricated from thermal setting resins such as 
"Bakelite" and necessarfly must stand high load- 
ing pressures. Likewise, interior parts of auto- 
mobiles may be fabricated from plastic material, 
as well as many other commercial applications 
which are well known. In each instance it v¢ould 
be desirab]e to reinforce the article with a strong 
metal backing if it were possible to obtain a bond 
between the plastic and the metal which will 
be maintained during flexing, such as manual 
flexing or flexing due to thermal changes which 
cause.unequal expansion or contraction of the 
plastic and metal backing. Similar]y, table tops, 
desk tops and the ]ike formed from plastics are 
attractive and desirab]e with the exception that 
they are easi]y broken at the corners and edges 
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thereof if not provided with a strong reinforcing 
backing, and when simply cemented to such a 
reinforcing member wi]l break away upon flex- 
ing thereof. 
5 This invention proposes the use of a porous 
metal layer or coating meta]]urgically bonded to 
a strong ruera] reinforcing element, which layer 
includes pores therein that in many cases extend 
entirely through the porous metal layer into 
10 contact with the supporting element. These 
pores are not regu]ar in shape and bave re-en- 
trant angles therein. When plastic material is 
mo]ded under pressure upon this porous metal 
layer, the plastic tends to flow into the pores, 
15 and upon setting these portions act as tentacles 
for flrmly anchoring the plastic layer to the 
porous metal and fo the strong metal elemen. 
We have round that by prèparing metal in ac- 
cordance with out invention, phenolformalde- 
20 hyde resins such as "Bake]ite,". urea-formalde- 
hyde resins, polystyrene, Vinylite and other types 
of plastics are easily and inexpensively attached 
thereto, and the composite articles formed are 
vast]y superior fo any other ticles of like type 
25 which use cemented bonds. 
In preparing Sheet metal for subsequent use as 
a backing material for a plastic, the strong metal 
backing 20 is thoroughly cleaned, and then the 
powdered metal in the form of bronze powder, 
30 copper and tin powders, copper and nickel pow- 
ders, etc., is applied thereto in a rhin uniform 
substantial]y non-compacted layer. This assem- 
bly is then heated under non-oxidizing conditions 
at a temperature intermediate the melting points 
35 of the metal]ic components of the metal powder 
for periods of rime varying from ten to thirty 
minutes. The sheet is next cooled under non- 
oxidizing conditions, and then includes a porous 
metal layer 22 bonded fo the bacMng 2}. Fur- 
40 ther particulars as to the exact timei tempera- 
tures etc. used in bonding metal powders to 
strong metal backs may be round in the Koehring 
Patent, No. 2,198,253. 
-ïe prepared backing material is next placed 
45 in a mold, and plastic material in suitable form 
is fl]led therein upon the porous metal surface 
of the backing 20. This granular material may 
inc]ude inert fll]ers, or if desired, may include 
metal powder mixed therewith, for example 
50 copper powder, nickel powder or aluminum pow- 
der, etc. in varying proportions, which condi- 
tions the Surface of the plastic for anti-fricti0nal 
purposes and likewise is very effective as a decora- 
tire medium. For example, on a table top, the 
55 inclusion of metal powders, such as nickel pow- 
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der, enhances the appearance oï the table top 
as well as functioning as a means for prevent- 
ing excessive scratching of the top when articles 
are slid thereover. 
After the plastic material has been filled into 
the mold, pressure is preferably applied thereto, 
and the mold and contents are heated fo a tem- 
perature (preferably from 300 ° fo 350 ° F. for 
Bakelite) at which rime the material is suflïcient- 
ly plastic fo flow under the pressure exerted 
thereon into the pores and crevices of the pores 
of the porous metal layer, while simultaneously 
the plastic layer is sized and smoothed. Varia- 
tions in the rimes, temperatures and pressures 
utilized form no part of the present invention an 
are well known in the art. The completed article 
is then removed from the mold either in ifs ulti- 
mate shape or in sheets etc. which may be cut 
fo size. Obvionsly the pressure, temperature and 
rime of the treatment may vary in accordance 
with the type of plastic nsed as is well known in 
the art. 
Another modification which is preïerably nsed 
when operating on thermoplastics contemplates 
the preforming of the thermoplastic into, for ex- 
ample, sheet material. This pre-formed layer is 
superimposed upon the rough sintered metal sur- 
face of the reenforcing layer, and is fixedly atm 
tached thereto by the application of high presm 
sure with the aid of a slightly e!evated tempera- 
ture. Cellulose acetate and other thermoplastics 
may be easi]y attached to reenforcing members 
by following this procedure. 
V¢hen the terre plastic is used herein, if is to be 
understood to include only non-metallic plastics 
such as any of the thermosetting resins or the 
thermoplastics, such compounds including; cel- 
lulose acetate, pyroxYlin, phenol formaldehyde 
resins, caesin compounds, urea formaldehyde 
resins and other similar compounds. 
Specific examples of various materials used for 
making the porous metal layer are as follows: 
Examplv I 
When a bronze porous metal layer is desired 
a mixture of metal powders containing 90 % cop- 
per and 10'% tin powder is spread in a loose non- 
compacted layer on the surface of a steel su»- 
porting member which metal powder upon the 
steel is then sintered at a temperature of from 
1500 to 1700 ° F. from a period of from 15 minutes 
to 45 minutes under non-oxidizing conditions; 
the máterial is next cooled under suitable at- 
mospheric conditions to prevent oxidation and is 
ready for use in connection with the plastic. In 
this case, the porous layer now approximates a 
bronze.having a 90% copper, 10% tin analysis, 
which bronze layer is highly porous and is bonded 
fo the surface of the. steel. 
Example. II 
.If a copper nickel alloY layer is desired on the 
stéel, a mixture 0ï 50 parts copper and 50 parts 
nickel may be .spread in a loose non-compacted 
layer upon the surface of a steel strip and then 
sintered under non-oxidizing conditions at a tem- 
perature ïrom 1850 to 2050 ° F. for a period of 
from one minute fo one hour, which metal is 
next c0oled under suitable atmospheric condi- 
tions and presents a porous alloy layer bonded 
tothe steel metallurgically, the layer comprising 
an alloy of copper nickel. 
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Example III 
If an alloy layer approximating Mortel metal 
is desired, 60 to 65 parts of nickel Powder are 
mixed with 40 to 35 parts of copper powder which 
5 mixture is spread in a uniform layer in the loose 
non-compacted condition upon the surface of a 
steel strip. The assembly is heated under non- 
oxidizing conditions at  temperature ranging 
from 2000 fo 2100 ° F. for a period of from 1 rein- 
- 10 ute fo 45 minutes after which the sintered layer 
which is bonded fo the steel is cooled under suit- 
able atmospheric conditions. 
Examplv IV 
15 Another copper nickel mixture which may be 
nsed consists in a mixture of copper and nickel 
powder in proportions of 95 % copper, 5 % nickel. 
This mixture is spread in the non-compacted con- 
dition upon the surface of a steel strip and the 
2O assembly is heated af a temperature of from 
1850 to 1950 ° F. for a period ranging from one- 
hall hour to 24 hours under non-oxidizing con- 
ditions; after cooling under snitable atmospheric 
conditions, the layer comprises .a highly porous 
25 cuprous layer having 5% nickel alloyed there- 
with. 
Example v 
Another type of porous metal layer may be 
30 fabricated by mixing 80 parts iron powder with 
20 parts of copper powder, which mixture is 
spread in the loose non-compacted condition 
upon the surface of a steel strip and Sintered af a 
temperature of from 2000 to 2100 ° F. for a period 
35 of from 1 minute to 45 minutes under non-oxidiz- 
ing conditions. The sintered ferrous layer which 
is bonded through the medium of the copper fo 
the steel backing is then cooled under suitable at- 
mospheric conditions and presents a highly 
40 porous metal layer which is metallurgically 
tached to the steel.. 
If is fo be understood that in all the examples 
described herein the surfaces of the steel may be 
copper plated to facilitate the bonding action; 
45 however, if the steel is clean .and free from.oxide 
coating, oil and dirt, etc., the metal powders will 
bond thereto satisfactorily without the use of 
the copper plate. If should further be understood 
that the proportions of metal powder, sintering 
5O times and temperatures etc., may be varied within 
limits without effecting the success of the inven- 
tion. From these examples if is manifest that 
when sintering a mixture oï two metal powders 
having two different melting points wherein the 
55 highest melting powder is predominant, a sinter- 
ing temperature is preferably employed interme- 
diate the' melting points of the two powders. 
However, when- a single metal powder is used or 
when the lowest melting point powder is pre- 
60 dominant, if is best to maintain the sintering 
temperature slightly below the melting point of 
the predominating metal powder of the single 
metal powder. In this connection, a longer 
sintring rime is desirable to assure, diffusion 
65 and/or grain growth. 
The sintering as mentioned in .this disclosure 
is that type of sintering wherein no appreciable 
fusion takes place. In other words, the terre sin- 
tering is used in a powder metallurgical sense. 
7O ,Still another modification of the invention con- 
templates the dissolving of the plastic in a sol- 
vent, the dissolved plasti, c then being sprayed, 
brushed or fiowed onto the porous metal layer 
according fo the consistency o£ the solution. In 
75 the case of thermoplastics, such as pyroxylin, 



the material may be air dried fo evaporate the 
solvent, at which rime the plastic layer will be 
firmly attached to the metal back. Any desired 
thickness of plastic layer may be applied by form- 
ing the sheet meta! with the porous metal layer 
thereon into a shalIow tray-like structure or by 
some simi!ar expedient such as by the use of re- 
movable side walls. 
ïhis invention basically is directed to the elim- 
ination of poor bonds between plastics and metal 
reenforcing elements which are sufficiently rhin 
tobe flexed during use. As previously stated, 
this fiexing wil! cause a fracture in cemented 
bonds whereby the reenforcement is lost. Table 
tops and other Iarge area surfaces, thermostatic 
members, seal rings etc., are ai1 placed under a 
bending or flexing strain during use wherein the 
present article with ifs superior mechanical bond 
maintains the interlock between the juxtaposed 
surîaces of the plastic and the reinforcing mem- 
ber. The çeïms "manual flexflg" or "manually 
flexible" are used in the sense that the part or 
article is oï such reIatiie size and of cross section 
to permit fiexi,- of an order that would tend to 
disrupt a cemen bond. 
While the embodiment of the present inven- 
tion as herein disclosed, constitutes a preferred 
form, itis to be understood that other forms 
might be adopted, ai1 coming within the scope of 
the claire which follows. 
Vhat is claimed is as follows: 
A new article of manufacture in sheet form, 
for use as a table and desk top consisting of a 
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laminated structure comprising in combination, 
substantially fiat reIatively large area manually 
flexible sheet of dense metaI, a Iayer of highly 
porous metal ruade by sintering together non- 
compacted metal powder bonded directly fo said 
sheet 'and substantiaIly coextensive therewith, 
and a juxtaposed layer of phenol formaldehyde 
condensation product covering said porous metal 
layer and having portions thereof extending into 
the pores of the porous metal Iayer for mechani- 
calIy anchoring the phenol formaldehyde con- 
densation product fo the dense metaI sheet, 
whereby the phenol formaldehyde Iayer is main- 
tained in juxaposed position during flexing of 
the dense ruera1 sheet through mechanical 
chorage fo the porous metal Iayer.  
WILLIA1Vi J. DOELKEI, 
JOHN iVL HILDABOLT. 
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